PCX 



WORLD INTCLLCCniAL PROPERTY ORGANIZATION 

Ml BttTCI 




Intcroatiooil Bvreao 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



<S1) Intemfttioii*! Pkleit Clasdficatioa 6 ; 
E21B 43/10, 19/22 



Al 



(tl> International PubUcatloii Number: WO 98A)79S7 

(43) lotcrnattooal PubUcatioo Date: 26 Fcbniaiy 1998 (26.02.98) 



(21) InlenuUoaai ApplIcaUon Number: PCT/IB97/00994 

(22) Intcrnatiooal FUinic Date: 15 August 1997 (15X)8,97) 



(30) Priority Date: 
08/698.662 



16 August 1996 ( 16.08.96) US 



(7I)(72) Applicant and InvcnUtf: NOBILEAU. Philippe [FR/FR]* 
40, chemin du Vtnatgrier. F-06300 Nice (FR). 



(81) Designated States: AU. BR. CA, CS, JP. MX. NO RU US 
European patent (AT. BE, CH, DE. DK. ES Fl' FR*GB 
GR. IE. IT. LU. MC. NL, PT. SE). * 



Published 

With inurnoHomtt search report. 



(54) Title: METHOD FOR CASING A WEIXBORE 
(57) Abstract 

Casing (15) is iosuUed in a wdl in a folded collapsed condition by uncoiling 
h from a reel (87). Two strings of tubing (27, 29) extend continuously through the 
collapsed casing. One of the strings of tubing (27) is coooected to a cement shoe (19) 
at teh lower end of the casing. An opening tool (31) is located above the cement shoe 
(19) and includes a piston (33). 77)0 otfier string of tiMng (29) ejueods to a pleasure 
chamber (35) thai U between the piston (33) and the cement shoe (19). After the 
casing (15) is lowered with a running tool to die desired depdi. cement is pumped 
down the first string of tubing (27), which Bows back up dw annuhts suirounding 
the casing. A liquid is then pumped down the second siring of tubing (29) into 
the pressure chamber (35). causing the piston (33) to push the conical fonning head 
upwaM (38. 39) relative to the casing (15) and dK strings of tubing (27. 29). TTjc 
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METHOD FOR CASING A WELLBORE 

Technical Field 

This invention relates in general to installing well casing in oil and gas 
wells and in particular to a method involving fabricating and collapsing casing, running 
5 the collapsed casing into the well and opening the casing into a cylindrical 
configuration. 

Background An 

Oil and gas wells are typically drilled by installing a conductor pipe to first 
10 depth, then drilling the well to a second depth. A string of casing is made up by 
coupling together sections of pipe, each being about forty feet long and lowering it 
inside the conductor pipe in a nested arrangement. Cement is then pumped down the 
casing which flows back up the annulus between the casing and the open borehole. 
Drilling is resumed to a third depth and the process is repealed with anc«thcr smaller 
IS diameter nested casing. An even smaller diameter string of casing may be installed at a 
fourth depth. 

These casings serve to support the borehole wall and to prevent undesircd 
outflow of drilling fluid into the formation or inflow of fluid from the formation into 
the borehole from strata other than the target production strata. The nested 

20 arrangement requires a relative large borehole at the upper part of the wellbore due to 
the tluckness of casing couplings and also due to the minimum clearance necessary 
between casing to displace cement in the annulus space. 

Larger borehole are more costly to drill since they require larger drill bits, more 
mud, and more cuttings disposal. Also, a larger diameter pipe has a lower pressure 

25 rating for the same wall thickness than a smaller diameter pipe, in consequence the 
casing have to cover the previous one up to the wellhead to enhance the pressure 
capability as the well goes deeper. Also conventional casing requires a derrick to 
make-up the pipe sections and lower the casing string into the well. Derricks are big 
and costly to move, and miming casing in forty foot section is time consuming. 

30 Liners are employed in some wells. A liner is similar to a casing, however. 

Father than extehdinig completdy to the suifice wellhead, the upper end of the liner is 
suspended on the lower end of the previous string. Liners still must be run by making- 
up pipe sections together and are employed usually to extend in linuted lengths from 
only the smallest diameter full length casbg installed. 

35 Coil tubing units pemiit one to rapidly run a continuous metallic tubing into a 

well. The tubing is plastically coiled on large reels. A pushing mechanism straightens 
up the tubing and lowers it into the well as it is imcoil^ from the reel. Coil tubing is 
used to circulate fhiids into wells for various purposes. However, it is seldom used to 
serve as casing due to its small diameter. Coil tubing is smaller in diameter than 

4 0 typical casing, winch have usuaDy a nunimum diameter of five inches. It would require 
a large reel to be able to coil several thousand ftti of metallic casing of five inches in 
diameter or larger. 

Disclosure of Invention 
45 In this invention, a metal strip plate is formed in a generally tubular 

configuration, and welded longitudinally with at least one string of continuous tubing 
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uiscrtcd dunng the manufacturing process. Alternatively circular pipe sections about 
forty feel long are welded together and strings of tubing arc threaded inside The 
casing IS then collapsed with the tubing located therein and wound on a small reel due 
to Its small height by comparison to its nominal diameter The upper and lower end 
ponions of the casings arc generally formed in a somewhat cylindrical configuration 
An opemng tool is located in the lower end cylindrical portion. The opening tool has a 
piston and a corneal forming head located above the piston. A pressure chamber is 
created below the piston in the lower end portion of the casing. 

The casing is deployed from the reel and folded in a horseshoe shape prior to 
entenng the well. When the casing has reached the proper depth, a fluid is pumped 
down the tubing into the pressure chamber to open the casing into a cylindrical shape 
The fluid pressure acts against the piston to push the opening tool upward This 
causes the head of the opening tool to form the casing from the coUapsed/folded 
configurauon into a cylindrical configuration. The forming tool and the tubimt are 
1 5 then pulled from the casing. * 

Preferably, two strings of tubing are installed in the casing while it is being 
manufiicturcd. One of the strings of tubing serves to pump a cement slurry down 
through a cement shoe located at the lower end of the casing. The cement flows back 
up the annulus surrounding the casing to cement the casing in place. Then fluid is 
2 0 pumped down the other string of tubing to open the casing. 

Also after the opening tool reaches the upper end of the casing, a forging tool 
IS used to expand the upper end cylindrical portion of the casing into a metaJ to metal 
sealing engagement with the lower end of the previously cased section of the well. In 
the preferred embodiment, this involves releasing the running tool from the upper end 
of the casmg after the collapsed portion of the casing has been expanded, then 
lowenng the forging tool located above the running tool into the casing. Fluid is then 
pumped down to radially forge the upper end of the casiiig into engagement with the 
lower end of the previous one. 

The opening tool includes a forming head with a conical body with flutes. 
Balls roll along the fhites in rolling engagemem with the casing wall as it is being open 
to a (ylindrical configuration. The balls force the opening of the casing as they roll 
along the flutes. The balls roll from the flutes into a lower ball passage, an axial 
passage, into an upper passage, and back into the flutes in a continuous cycle. 
Alternatively, the forming head comprises a conical body vrith thin dual conical 
35 segments to increase the forming head diameter 

BrirfPescriptiop Drawings 

Figures lA-lD comprise a vertical sectional view of an assembly for casng a 
weU, including a collapsed string of casing being instaHed in a well along with a 
4 0 running tool and an opeoii^ tool. 

Figure 2 is a cross sectional view of a portion of the nmning tool of the 
assembly of Figures I A-ID, taken along the line 2-2 of Figure IB. 

Figure 3 A is a sectional view of another portion of the running tool of the 
assembly of Figures I A-lD. taken along the line 3-3 of Figure IB. 
45 Figure 3B is another sectional view of the running tool taken ak>ng the line 3-3 

of Figure IB, but showing the running tool shifted to a released position. 
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Figure 4 is a sectional view of an intermediate portion of the casing of the 
assembly of Figure 1, taken along the line 4-4 of Figure IB. 

Figure 5 is a sectional view of a portion of the opening tool of the assembly of 
Figure IC, taken along the line of 5-5 of Figure !C. 
5 Figure 6 is another sectional view of a portion of the opening tool of Figure 

IC» taken along the line 6-6 of Figure IC. 

Figure 7 is a sectional view of the cement shoe of Figure ID. taken alonu the 
line 7-7 of Figure ID. 

Figures 8 A and 8B comprise a sectional view of a portion of the assembly of 
10 Figure I, shown after cementing and during the opening of the intermediate portion of 
the casing. 

Figure 9 is a sectional view of the assembly of Figure 8A, taken along the line 
9-9 of Figure 8A. 

Figure 10 is a sectional view of the assembly of Figure 8A, taken alone the line 
15 lO-IO of Figure 8A, 

Figure 1 1 is a sectional view of the assembly of Figure 8B. taken alone the line 
11-11 ofFigurcSB. 

Figure 12 is a sectional view of the forging packers of the assembly of Figure 
I A, shown lowered into the upper end portion of the casing and in the process of 
20 forging the upper end portion of the casing into sealing and locking engagement with 
the lower end of the upper cased section. 

Figure 13 is a sectional view of one of the forging packers of Figure 12. taken 
along the line 13-13 of Figure 12. 

Figure 14 is a sectional view of the well of Figures 1 A-ID, shown after the 
25 casing has been set and the installation apparatus retrieved. 

Figure 1 5 is a schematic sectional view illustrating a step in manufacturing the 
collapsible casing of Figures lA-lD. 

Figure 16 is another schematic sectional view of the casing of Figure lA-ID, 
^wing the addition of an outer layer in the case of a multiple layer casing 
30 Figure 17 is another schematic sectional view of the casing of Figure 16, 

shov^ang the welding of the additional layer. 

Figure 18 is a sectional view illustrating one of the end portions of the casing 
of Figures 1 A-ID with a dual layer configuration. 

Figure 19 is a schematic view iUustrating the collapsed casing of Figures lA- 
35 ID being uncoiled from a reel, folded in a horse shoe shape and lowered into a well. 

Figure 20 is a flattened sectk)nal view of the caang of Figure 19, shown along 
the line 20-20 of Figure 19. 

Figure 21 is a folded sectional view of the casing of Figure 19, shown along 
the line 21-21 of Figure 19. 
40 Figure 22 is a schematic view illustrating valves for controlling the flow of 

fluids to the installation apparatus of Rgures 1 A-ID. 

Figure 23 and 24 are isometric views illustrating an alternative design for the 
opening tool inchiding expander segments. 



45 Best Mode for Carrviny Out the Invention 

Referring to Figures lA-lD. the well ilhistrated has a cased section 1 1 which 
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has already been cemented in place and an open hoJe section 13 which extends bdow 
cased sccUon 11 to the target depth. A continuous string of casing 15 according to 
the invention is shown in place in the well with a lower end portion 15a at the lower 
end of the well open hole section 13. Casing 15 has an intermediate portion 15b that 
extends from the lower end portion upward, typically several thousand feet, to an 
upper end portion 15c. Upper end portion 15c overlaps the lower portion of cased 
section 11, Casing lower and upper- end portions 15a. 15c each are somewhat 
cyhndncal with axially extending cormgations 17 as shown in Figure 5. Corrugations 
17 are straight axially extending channels on both the inner and outer diameters of 
casing, providing inward protruding valleys 17a alternating with outward protruding 
peaks 17b. Intermediate portion 15b. shown in Figure 4, is collapsed and folded 
having a bight 18 that curves inward and touches the opposite side, which is generally 
arcuate when lowered into the wdlbore. 

Referring to Figure ID, a cement shoe 19 is located at the lower end of casing 
15 lower end portion 15a. Cement shoe 19 provides a end cap for casing 15 and is made 
of drillable material with a cementing port 20 extending axially through it. A metal 
stinger 21 engages sealingly into the upper portion of cementing port 20. Stinger 21 is 
a tubular member having a conduit 23 for pumping down a cement slurry through 
cementing port 20 which flow back up the annulus space surrounding the casing 15. as 
20 indicated by the arrows. Stinger 21 has also some flow ports 25 which arc isolated 
from conduit 23 and lead to the exterior of stinger 21 . 

A cement slurry tubing 27 extends continuously through casing 15, and has its 
lower end coupled to stinger 21 for connecting with conduit 23. Similarly, a fill-up 
tubing 29 extends continuously through casing 15 and has hs lower end coupled to 
25 stinger 21 for ddivering fluid to ports 25 Tubing strings 27. 29 are. conventional 
metal coiled tubing strings of about one inch in diameter. 

An opening tool 31 is housed in casing lower end portion 15a, shown in Figure 
IC, above stinger 21. Opening tool 31 includes on its lower end a piston 33. Piston 
33 is an elastomeric cup sliding seal, which has straight axially extending grooves on 
30 its exterior for meshing with the corrugations 17 of casing lower end portion 15a. 
Piston 33 has a packing clement 33a to seal around tubing strings 27, 29. A pressure 
chamber 35 is located in the space surrounding stinger 21 above cement shoe 19 and 
below piston 33. In the running-in position, as shown in Figure ID. pressure chamber 
35 is at its minimum volume. A cylindrical metal piston head 37 extends upward from 
35 piston 33. Piston head 37 is engaging a sleeve 48 which a smaller outer diameter than 
the inner diameter of casing lower end portion 1 5a at valleys 17a. 

Opening tool 31 has a tapered or conical forming head 39 that tapers from a 
smaller diameter upper end to a larger diameter at lower end. Head 39 has vertical 
flutes 41 which align vwth valleys 17a, as shown in Figure 5. A plurality of balls 43 
40 roll down fhites 41 of head 39. Balls 43 are movable through two axial passages 45, a 
plurality of lower lateral passages 47, and a plurality of upper lateral passages 49. 
Piston head 37 initially is in a lower poaiion within a sleeve 48 of head 39, providing a 
chamber for a number of balls 43 as shown in Figure IC. When piston head 37 is 
pushed upward, until it will enter in contart with a flange 50 of head 39 as shown in 
45 Figure 8A, it will push the balls 43 upward through axial passages 45. Balls 43 move 
outward on upper bail passages 49, down flutes 41, and back inward in lower ball 
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passages 47 to axial passages 45 in a continuous cycle as body 39 moves upward in 
casing 15. 

Referring again to Figure IC, opening tool 31 has a cylindrical lop end 51 
which has an outer diameter equal to the minimum inner diameter of casing lower end 
5 portion 15a, which is measured at valleys 17a. Balls 43 will engage valleys 17a when 
contained in flutes 41 and bend the casing wall to line up with expanded peaks 17b 
While at the upper end of flutes 41, the diameter from one ball 43 to an opposite ball 
43 IS substantially equal to the diameter between valleys 17a. When balls 43 are at the 
lower ends of flutes 41, as shown in Figure 8 A, ihe outer diameter of forming tool 3 1 
10 measured from one ball 43 to an opposite ball 43 at the lower ends of flute 41 is 
greater than the minimum inner diameter of casing lower end portion 15c 
Consequently, balls 43 push valleys 17a outward to open, in a smooth circular 
configuration, the upper end of casing lower portion 15a as opening tool 31 moves 
upward. 

15 Due to the relative stifl&iess of the casing metal wall, the intermediate portion 

1 5b IS opened from its folded configuration ahead of the opening tool 31, and the 
contact between the inner wall and the opening tool 31 is made only by the balls 43 
rolling on flutes 41 of the conical forming head 39. 

Referring to Figure IB, a running tool 55 is located at the top of casing upper 
20 end portion 1 5c. Running tool 55 is a tubular member which has an outer sleeve 56 
The exterior of outer sleeve 56 has vertical grooves 58 between vertical bands 58a. 
Outer sleeve has a set of threads on bands 58a which engages a mating set of threads 
57 formed on valleys 17a in the upper inside end of casing upper end portion I5c 
Because of corrugations 17 and grooves 58, threads 57 will be discontinuous and 
2 5 located only on the valleys 1 7a. 

Outer sleeve 56 is supported by an inner body 59, which has a smooth 
cylindrical exterior. Outer sleeve 56 has a J-pin 61 that protrudes inwardly into an 
elongated U-shaped J-sIot 63 formed in outer body 59. J-slot 63 has a first leg 63a 
and a parallel second leg 63a joined at the bottom. During running-in of casing 15, J- 
30 pin 61 win be at the upper end of the first leg 63a and maintained in this position* by 
the weight of the casing 15 hanging on the running string connected to the hmer body 
59. After casing intermediate portion 15b has been opened, the weight of the casing 
15 is supported by the numerous contacts witli the inner wall of the borehole. After 
opening has been completed, the operator will lower the running string 72, which 
35 lowers the inner body 59 relative to outer sleeve 56. Subsequently, the operator will 
pick up the mnnii^ string 72 to place the J-pin 61 in the second leg 63b. This causes 
sleeve 56 to rotate an increment, as shown by the arrow in Figure 3B, disengaging the 
threads on outer sleeve 56 from threads 57. Bands 58a on outer sleeve 56 align with 
pcalcs 1 7b, allowing running tool 55 to be lowered into casing upper end portion 15c. 

Runmng tool 55 has a main supply passage 64 connected to the passage in the 
lower part of packer string 69 which extends into mner body 59. A cement slurry 
passage 65 (Fig. 3A) connected to tubing string 27 is located in running tool 55 and 
can be connected to the lower end of main supply passage 64. Similariy, a fill-up 
passage 67 connected to tubing string 29 can be connected to the lower end of main 
supply passage 64.. 

Inner body 59 of running tool 55 is conneaed to the packer string 69 by 
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threads. The upper part of packer string 69 features a centralizer 70. Two or more 
forging packers 71 are mounted on the packer string 69 between centraJizer 70 and 
inner body 59. Forging packers 71. when supplied with high internal pressure from a 
down hole pressure multiplicator (not shown), will inHate and radially expand to 
plastically forge the upper end of casing upper end portion 1 5c, as shown in Figure 12 
Hydraulic passages 73. extending through packer string 69, can be connected via 
pressure muluplicator to lower end of main supply passage 64 within running tool 
inner body 59. Paker string 69 is connected at centralizer 70 to a the running strini; 72 
which extends to the surface. Preferably, njnning string 72 is another string of coiled 
tubing approxunately two inches in diameter. Packers 71 have external axial grooves 
74 which wiU align with valleys 17a of casing upper end portion 15c when packers 71 
are lowered into upper end portion 1 5c with the centralizer 70 landed on too of the 
casing 1 5c as shown in Figure 1 2. 

Referring to Figure 22, in the preferred embodiment, electrically actuated 
valves 75, 77 and 79 are mounted in running tool inner body 59 (Fig. IB). Valve 75 is 
m slurry passage 65 and opens and closes flow to tubing 27. Valve 77 is in opening 
fluid passage 67 for opening and closing flow from main supply passage 64 to tubing 
29. Vah^e 79 is in pressure passage 73 for opening and closing pressure fluid from 
mam supply passage 64 to forging packers 71 (Fig. 1 A). Electrical valve control wires 
(not shown) extend through coiled running string 72 to the surface to a control panel 
A small accumulator (not shown) supplies hydraulic fluid to valves 73, 77, 79 to open 
and close them y^fhexi electrically actuated. Pumps 80 on the surfacc,'wWch could be 
either cement or mud pumps are used for delivering pressure fluid down main suoplv 
passage 64. ^ 

Referring now to Figure 15, casing 15 is fabricated by drawing a first metal 
stnp 81 from a reel and bendmg two edges down around two laterally spaced apart 
paraUel continuous strings of coil tubing 27. 29. As shown in Figure 16, the edges are 
bent over and welded at seam 82. The upper side is bent into a concave shape 
touching seam 82, while the lower side is flat. Then, a second strip 83 is drawn from a 
red and bent to have upturned edges. As shown in Figure 17, second strip 83 is then 
bent by rollers around first strip 81 whUe first strip 81 is in the configuration shown in 
Figure 16. Rollers then bend the upper side of strip 83 into a concave shape as shown 
in Figure 20. Casing 15 thus is douUe-walled and has a flat side 85 that extends 
between parallel tubing strii^ 27, 29, generally tangent to outer diameter portions of 
tubing strings 27, 29. 

The use of two walls for casing 1 5 reduces the amount of strain that would 
otherwise occur during opening plastic deformation with a single wall casing having 
the same total thidmess. Three or more wall casings might be desirable in certain 
cases. Caang made of muhiplc wrall needs good friction between the wall to resist 
external pressure. Known fiiction enhancing techniques such as surftce stampmg, 
surface treatment or coating are desirable to offer adequate external pressure 
capability when opea Also the circumference of the external wall can be made slightly 
smaller than the previous one to offer adequate fretting of the wall when casing is 
open. 

Casing 1 5 will be coiled on a red 87 (Fig. 1 9) while in the configuration shown 
in Figure 20, Red 87 is a large member capable of holding up to 5000 feet of casing 
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IS «*.ch has a 5-1/2 mch external diameter when expanded to a cyKndricaJ 
configumjon. Figure 18 .l ustrates comiga.ion. 17 which are fonned on both £ 
upper and tower end po,t.ons I5c. 15a (Figs IB. ID) by a roDer corrSrat^r 
operation. The upper and lower end ponions 15c. 15a rmain geneS^S^af 
^though comiga^cd. The straight upper and lower end portions' 5c. 15a^ oSy a 
few feet in length and are not wound on reel 87 durinc transoor^ation^m Th! 
manufacturing plant to the well site. ^ transportation from the 

When deploying casing 15 from reel 87, casing intermediate nortion 15h will 

18. and postuons tubing stnngs 27. 29 closer toward each Sher. ^.e maxi^m S 
of casmg imermedmtc portion I5b in the rounded «)Uapsed configunUion of rZe 
21. IS ess than the inner diameter of cased section 1 1 (Fig. I A). T^maSJm S 
of casmg mtermedutte portion 15b while in the collapsSi flattened coSSiJJ of 
l;^'' I' e^'''^^ '^^^^^ of cscd section II. AssTcSKSi the 
folding rollers 89, a gnppmg and pushing mechamsm 91 is employed. The fold ~ 
pushmg mechamsm 91 is constructed generally as in a conventional <Sl tubing pushi^ 
H^T^A • r*""' deformation, pulls it from red 87. and pu7h2 

l„;rr"''° r" ^^f"^ '^'^ ^I. resists the ^ompr^o" 

apphed by gnppmg and pushing mechanism 91 while being pushed into the well 

Dunng installation, casing 15 will be uncoiled from red 87 and pushed bv 

^trf? -JkT " '° of open hole 

s«n.on 13. TTie length of casing 15 will be previously selected so that the upper end 
of portion 15c extends mto cased seaion II (Fig. IB), overlapping it over a 
substanttal length. Valves 77. 79 are closed and valve 75 (FiJ. 22) is SJ^^d Zent 
pump 80 pumps a cement sluny 92 (Fig. 9) down the passage 64, 65 through open 
valve 75 and down cement slurry tubmg 27. As shown by the arrows in Fimre ID 
the cement shirry flows down passages 23, 20 and flows up the araiulus spac^ 
surrounding casing 15. *^ 

A sdected vohime of cement will be pumped based on an estimate of the total 
vohime of the ammlus as if casing 15 had already been opened to the cylindrical 
configmoon. Because of the collapsed rounded or horseshoe configuraUon of casing 
mtennediate portion 15b. a much greater annulus volume initially will be present 
around casing intermediate portion 15b. as shown in Figure 9. facilitating circulation 
Cons«iucntly. mitially, cement 92 will normally not completdy fiU the annulus to the 
top of casing upper portion 15c. During the pumping of cement, displaced driUins 
fluid, or returns, wiU flow up the corrugations 17 of the casing upper end section 15c 
mto the annuhis surrounding tunning tool 55 flow by ports 60. The returns flow up 
to^siSaS''^ P«*«« 71 and around the annuhis surrounding running string 72 

A u- 'i?^ P"™P"W the calculated vohime of cement shiny, a sdected volume of 
flusfimg fiiud wiU be pumped down cement sluny tubing 27. The volume is sdected to 
be just the amount needed to push cement slurry from conduh 72, tubing 27 and 
stM«» 21 into the open borehole, but substantially no more. The valve 75 is then 
closed and vaNe 77 is open. DriiUng fluid is pun4>ed down conduit 72, which flows 
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through passages 64. 67 and down fill-up tubing 29. The fluid flows out ports 25 into 
pressure chamber 35, shown in Figure ID. ^ 

As shown in Figure 8B. the fluid pushes upward on piston 33 which slides 
upward relative to tubmg strings 27. 29 Piston head 37 pushes baJk 42?J ,Z 
space m sleeve 48 upward into passages 45. a., can be seenCSn^^ Fi^r" ?S 
w.^ Figure 8A. Once .n contact with flange 50. the force exited piion S 37 
begins to push the opening tool 31 upward while tubing string? 27 29 
suuonan, Due to the engagement of balls 43 with head 39 and caring loweT^d 
portion I5a balls 43 are for<«l to roll down the inclined flutes 41. p^wSg th^^Ll^ 

After a short distance, all of the balls 43 will be in engagement with conical 
body 39. as shown in Figure 8A. Upper end 51 wiU ZHptiS in^Sj 
mtemediate pordon 15b. Balls 43 will open casing fh», the cSllapse<^ folded 
coiifiguratKjn of Figure 9 to the cylindrical configuration of Figure lO^rins the 
casing expansion process, the annulus surrounding casing intermediate portion 15b 
decreases, pushing cement slurry 92 upward, and returns will flow up into the channel 
spaces between corrugations 17 of casing upper end portion 15c and cased section 11 

?J7tSL """^^ 'l"^" ^""^ """'"8 55 to insure a proper 

seal between casings when they will be later forged together. As forming tool 31 
moves upward, the volume of pressure chamber 35 increases. This process will 
continue for the entire length of the casing which could exceed several thousand feet 

^in, K-n*!!?"^?; ^''^T* '°°! ^' '"^""^ "^'"8 "PP'^^ portion '5c. At this 
pomt balls 43 will push outward on valleys 1 7a to round the corrugated configuration 
7 into a cyhndncal configuration in the same manner as at casing lower end portion 
15a. Forming tool 31 wUi eventually contact the lower end of running tool 55 which 
protrude 8 short distance into casing upper end portion 15c, shown in Figure IB 

The ninning tool 55 will be released from threads 57 by letting running string 
72 go down a short distance, then puHing upward. While lowering, tubing strings 27 
29 will spwi sItghUy along their lengths to accommodate the comprttsion ITie 
downward tnovemeiit of inner body 59 relative to outer sleeve 56 causes J-pin 61 to 
inove from first leg 63a to second leg 63b. When this occurs, an incremental amount 
of rotation of sleeve 56 occurs relative to inner body 59. This rotation, as ilhistiated in 
Figure 3B, causes threads 57 to disengage from the threads on sleeve 56 releasing 
ruruimg tool 55 fitmi casing upper end portion 15c Grooves 58 on outer sleeve 56 
will now be ahgned with valleys 1 7a. 

The operator then again drop nmning string 72 to place foiging packers 71 
wthin casmg upper end portion 15c as shown in Figure 12. Because of the alignment 
of axial external grooves 58 and external grooves 74 (Figs. 1 A. IB) with comigations 
17, outer deeve 56 and packers 71 will pass downward within casiiw upper end 
portion 15c. Centralizer 70 is closely spaced to the inner diameter of cased section 1 1 
and will land on the upper edge of casing upper end portion 15c. Valve 77 is now 
dosed and valve 79 open (Fig. 22). Pressurized fluid is supplied with mud pump 80 
through nuimng string 72. This pressure which wiU be multiplied by a known pressure 
muhipher, causes the forging packers 71 to inflate and plastically deform a portion of 
upper end portion ISc out into a tight gripping and sealii« engagement with cased 
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section ] 1 . 

The fluid pressure is then bled off to allow forging packers 71 to retract The 
running stnng 72 is lifted to pull up running tool 55. Tubing strings 27 29 ^ 

'^Z J^l^'ttT'' ^''^"'"S T^e'elSrH^s^eity s p'^^u^ 

of the well and reel back on the reel 87 Figure 14 illusuates casing 15 wJthout Z 

shoe and dnllmg can resume just after. Also. Figure 14 shows that cased Sol 1 

93 ' C^L'J^TT" T"""*'* ""''''^"^ ' »° """'he^ cased s^ion 
93. Cased section 93 is shown to again be an expandable type installed in thTS^ 
mamier as descnbed and located within a conductor 95 that?U,r««lcd1o a w^lS 

in lie.. ^?!!I!f V 'i'^f ™^ alternative design for the opening tool 3 1 where 
in lieu of balls on mcluied flutes which circulate in a cvde -vn-nJlr a i • , 
segments 34 and 36 slide downward from an u^'^iS p^n (R^ZsTTol 

bottom of the corneal fonmng head 38. The segments 34 comprises a main sZZ 
34a sliding along a retaining guide 38b attached on the conical foraung headTSS 
both sides of segment 34a, two segments 34b are hinged. SegmenlTre wWch 
^.^^'^."^-'IS ""8 30 (^iB. 24) slide on its ow^ retaim^g £e L 22 
co^r " fo^^-S •"^^d 38. A stabilizer 38d is attached on the top of £ 

conical forming head 38 to prevent contact between the segments and the ID of "e 
corrugated portion for easier installation of the opening tod. The fingers of the 
^W^r 38d bend when the tool is pumped up allowingfhe segm^u t^'Tnt^ Z 
casing internal surface. The dual conical segments 34a. 34b and 36 can be n«de Vf 

oSng'r" ""^^ ""''"^ '° ^ °P-^ti"8 

.v». P^*°" 33 O'ig. 23) is an dastomeric cup sliding seal with straight axially 

«=omigated end straight section of the caa^g which 
compnse two parts: a metal support washer 33b which is comigated and bonded to a 
clastomenc pactang element 33c and a lip type seal 33d. Figure 24 fliustrates the 
deformation of the piston 33 with the support washer 33b being flattened up and 
elastomenc parts 33c «,d 33d deformed to cylimlrical external s,LS J/the f!Sd 
pressure . 

^ invention has significant advantages. As can be seen in Figure 14 the 
difference m the imier diameters of one cased section to the next upward cased se^ion 
.s no gr«ter than the wall thickness of the lower cased se«ion. This vZZ 

In'TS; '^A ^ "TT ^""^ '''""8 to «iother. aUo^ng^mS^ 

monodameter dnlhng. It allows a smaller cased section at the top of the well fo?a 
givffl bottom diameter and depth than prior an wells. Monodiameter drilling aflows 
smaller bits, less mud. 1^ cuttings to be disposed of. and less cement tolZeve the 
same fimd s«e weU. This method allows one to have shorter and moi« different 
d«meter«nngs than m the prior art. The methpd can be performed without the need 
fbr a hoisung mast if dnllmg is done by turbine driven drill bit on coiled tubing 
»„n», 'l!^?"!^ shown in only one of its forms, it should be 

apparent to those skiUed m the art that it is not so limited, but is susceptible to various 
chai?geswitho«depaita«fhmi the scope of the For exan^le. rather than 
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coiled tubmg nmmng stnng 72. if a hoisting mast is available, conventional drill pipe 

accomphsh«^ by baHs or darts down the conduit 64 to selectively close and 00^1^^ 
passages. Also, rather than elastomeric packers for expanding the casing upper enS 
portion, other pressure actuated metal radially expandable members may hl^oyZ 
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Claims 

1 An apparatus for casing a well, the improvemoit characterized by the combination of: 
a contmuous metal casing (1 5) that is wound onto a reel (87) into a senerallv 
collapsed configuration (Fig. 20); generally 

deploying means (Fig. 19) for deploying the casing from the reel into the well- 
ano * 

opening means to open in-situs the continuous metal casing from tJie collapsed 
configuration mto a cyhndrical configuration. uic coiiapsea 



2. The apparatus according to claim 1. wherein the opening means consists of an 

S ^ « P'«^'« chamber (35) between a closed end Jthe piTn 

located m a closed straight end portion of the casing that is generally cyKndriialMd 

(33) to push the opening tool inside the continuous metal casing (15) causing the 
oomcaJ fomung head (38. 39) to radially open the continuous metTl casJigTs) from 
(he collapsed configuration into a cylindrical configuration. « l'^; irom 

L-^mT^*"' according to claim 2. wherein the closed straight end portion of the 
^ . "^ 'Ha^^' f '"'''"^ corrugations (17) having a mJdmum radW 

4^ The apparatus according to claim 2. wherein there is, at least, one string of tubing 
(29)loc^ed msidc the casB« and the opening tool piston has sealing means (33a) around 

5. The apparatus according to claim 4. wherein the opening tool (31) is located in a 
^V^^ ""^^ <75a) with the pressure chamber (35) below it 

and the fluid is pumped down the string of tubing (29) into the pressure chamber (35) 
acting against the piston (33) to push the opening tool (31) upward. 

™f f^^T^ according to claim 4. wherein there ai« means for pumping a 
35 flow back up an annulus sumSg thS 

r The apparatus accordii^ to daim 2. wherein there are means on the opening tool 
(3 0 for engaffng the coibpsed portion of the casing in rolling contact (43) as the 
openag tool bends the casing wan into the genen% cyfindifcal configuiBriOT^ 

nx^ f^'P*^"' according to claim 2. wherein there ue means on the opening tool 
13 1) for increasing the diameter of the conical forming head (38. 39). 

9^ The ap|»ratus according to claim 8, wherein the means to inci«ase the diameter of 
Uie conical fotmmg head (38) are expander duel cone conical segments (34a, 34b 36) 
located in a retracted position and are staggered fiuther up and in contaa with the 
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conical forming head (38). 

^^Jl^t/^r^^^^^^^^^ «^ cecal 

l l_The apparatus according to claim I. wherein while the casing (15) is on the reel 
(87). the casing has a generally flattened configuration (FiR 20) and vTrlt T 
deploying rneans (Fig. ,9) also comprises bending means for Snd'^^e fla entd' 
configuration of he casing mto an araiatc generaJly horseshoe configumLn (R« 20 
as the casing (15) ,s deployed from the reel (87) and prior to enfor intf .rwell 

29)SlSr.r°'*"^ '•^^^ '^^^ ^^^ngs of tubing (27 

29) located mside the casing at both ends of the Hattened configuration (Fig. 20) 

13. The apparatus according to claim 1 . wherein there are 

the easier**"* ^"^ ^'^ '^"^ "PP- PO«ion of 

casing i^^wSj "'"'"''^ '° ' <^2) for lowering the 

c..ina ,'ft!/tt^^'' T"! ""^"B tool (55) from the upper end of the 

casing after the casing has been opened imo the cylindrical configuration for rctriev^B 
the funnmg stnng (72) and lunning tool (55) retneving 

14. The apparatus according to claim 13. wherein there are 

oisfon h!l !^ ""^ «™« of tubing (29) located inside the casing and the opening tool 
piston has sealing means (33a) around the tubing wi 

tool- ""^^ ^ (27. 29) to the running 

means to retain the opening tool on the string of tubing; 
«c,n„ f** '^^^ «'«'^"8 the amning tool (55) from the upper end of the 

.i'lT^i! ™.? "I^S ««« string of 

tubing (27, 29) after the casing has been opened imo cylindiical configuration. 

15. The apparatus according to claim I, wherein the well has an upper cased section 
(JI). and wherein the apparatus fiirther comprises means (71. 74) for plastically 

ssr?t2r^''('[,r '"'^ """^ 

16. The apparatus according to claim I. wherein the casing comprises at least two 
concentric sleeves (81. 83) in tight contact with each other. 

according to claim 3. wherein the corrugated casing straight end 
porton (ISi^ 15c) comprises at least two concentric sleeves (81, 83) in tight contaa 
with each other. 
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1 8. The apparatus according to claim 1. wherein there are: 
first and second strings of tubing (27. 29); 

a continuous metal casing (15) having an'intermediate oonion riSM fi,«,^ • 
. a gencraily flattened configumuon (Fig. 20) tith the XTl S «rin« S.;; 
contained therein and laterally spaced apart; ° 

the casing having a generally cylindrical lower end portion ( 1 5a)- 

an opening tool (3 1 ) located in the lower end portion which tas a oL««n tii\ 
and a conical forming head (38. 39); ^^^^ <^^> 

a cement shoe (19) at the lower end portion below the piston (33) which 
be made m communication with at least one string of tubing (27) 

oistonnirTK ^^^^ f^"^ of 'he casing below the 

Sr^oil^nXS'^'"^"^"^^^-^^^ 

a rumung tool (55) attached to the upper end portion of the casing the first 

S.^ tooUslvT """^ 'r'> """^^ -"'^ temTa'te at tSJ 

mnning tool (55) the ninrang tool (55) being secured to a running string (72) Z 
lowmng the runnmg tool (55) and the upper end portion of the caL (li) i„ Z 
cased section of the well (11) and the intermediate portion (I5b) and S,e lowcr«^d 
portion of the casing (15a) in the open hole section of\he well (13) 

n-n ^""^^ """'P'"'^ one string of tubing 

(27) and out the cement shoe to return up the annulus surrounding the casing- 

no^ ■ . .? ''""'""^ ^""^'"8 a fluid down at least one string of tubing 

S Sn "'"h"^ chamber which acts against the piston (33) to push the oS 
tool (31) upward relatwe to the casing (IS) and the string of tubing causinTrtf 
fomui^head (38. 39) of the tool to bend d,e casing wall of the intenSdSTortion 
into a cylmdncal configuration; and 

/Tff "^^""^ ^ "^'"8 <55) fixjm the upper end portion of the 
Svfi. '^T^ ""^"S • opening tool (31) and th^ 

n 2.^ K ^ i ^^'''S intermediate portion of the caS 

(15b) has been opened uito the cylindrical configuiation. ^ 

19. A method for casing in a wellboiccompriang- 

a reel ^^'^^ * ™^ '""'^ ""i-g (' 5) and winding the casing onto 

lowering the casing fix>m the reel into the well (Fig 19)- and 
configuS* ^ "'^'^ configurition into a cyUndrical 

20. A method according to claim 1 9, fiiither comprising- 

placing at tost one string of tubing (27) into the metal tubular casing prior of 
coUapsuig and windmg the metal tubular casing onto a reel (87) 

™^„„ r?Sf * " oP«^ too' (31) which has a 

piston (33) and a conical fomung head (38, 39) md providing a pressure chamber (35) 
between the dosed end portion and the piston (33); sure cnamoer 

lowering the casing (15) from the reel (87) mto the wcB; and pumping a iluid 
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into the pressure chamber (35). which acts against the oiston «3 .u 
tool (31) ^lative Co the casing (15). cau4 thi t^rh-d^^^J' 
casing from the collapsed configuration imoacylindricalcLgurai^^^ 

21. A method according to claim 20. further comprising 

plaang two strings of tubing (27. 29) into the metal tiih..i.r ^ ■ 

flattening the tubing and winding the metai .uburiTcnt^ itusyT"' 

placing m a closed bottom end corrugated straight portion of the ca«na ^ 

the opening tool (3 1) which has retractable opening/drifting m«« ^ ^ ^ 

lowering the casing (15) from the reel (87) into the wdl anH h,«^i- .i. 

flattened configuration ofthe casing; and ' "«° Md bending the 

»o»i„.. ^r*^"! " '"""S P"««^<= ^ber (35) which acts 

against the piston (33) to push the opening tool (31) relative to he ca^bTrm 
causmg the forming head (38. 39) to grow to its nomiid drifting dim^«" ?o ^ 
and drift the casmg from the collapsed configuration i«o a cyUndrical confi^^ to?^ 
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